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D. Thomson: Cultivation of Tissues in vitro plasma of that species of animal, but in the paper by my brother and myself which has just been read it is pointed out that the tissue of mammals, including man, may be successfully cultivated in fowl blood plasma. Mammalian blood plasma clots much more rapidly than fowl plasma, so the plasma of the latter is much the best for a general tissue culture medium, since it can be kept in a fluid condition for some months in an ice incubator.
(1) The fowl plasma is obtained in the following manner: Sterilize by dry heat about one dozen centrifugal tubes and immerse these in a vessel containing molten paraffin (520 hardness) in a dry heat sterilizer capable of maintaining a temperature of about 2000 C. This is done in order to coat the tubes with a sterile layer of paraffin. The tubes are corked with sterile paraffin-coated corks and are then placed in a vessel in the ice incubator to cool them to about 0°C. It is now necessary to prepare for the bleeding of the fowl. A large quantity of blood can be Glass cannula, as used by Carrel. (size.) obtained by withdrawing it from one of the carotid arteries by inserting a glass cannula similar to that depicted in diagram A. About 60 c.c. of blood can be obtained without killing the fowl, and if it is allowed to bleed to death even more can be drained away. The cannula should be boiled in a solution of sodium citrate and kept in the vessel ready for use. The other materials required for this operation are ether for anmesthesia, a tin vessel containing cotton-wool for the anaesthetic mask, a board with four pegs for tying down the fowl, sterile scalpels, scissors, dissecting and clamping forceps, needles, silk thread or catgut, and some dilute antiseptic lotion with swabs, and also some sterile cloths or towels with which to cover up the animal, leaving a small open space for the operation on the neck. The animal is anesthetized and then placed on its back on the board and its legs and wings are securely fastened to the four pegs. A block should be placed under the neck to keep it up. The feathers are plucked from the neck and the skin cleansed with antiseptic lotion, and the sterile towels are placed over at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
The Royal Society of Medicine the animal, exposing only the prepared skin. An incision about 2 to 3 in. long is made a little to one side of the middle line and the tissues are separated until the carotid is found. A ligature is tied round the vessel at its distal end and another loose ligature is placed about 2 in. proximal to this for the purpose of tying, on the neck of the cannula when inserted into -the vessel.' Clamp the vessel proximal to the loose ligature, then make a small cut in the vessel (between the ligatures) with fine scissors. Insert the cannula and tie the loose ligature firmly around the neck of the former, release the clamp and allow the blood to flow into the paraffined and cooled centrifugal tubes. The fowl should not be anesthetized too deeply, since no blood will be obtained if it dies from an overdose. If the carotid is ligatured proximally to the wound, and the skin stitched up, the fowl may live, and can be used again on a future occasion. The blood obtained in this way is rapidly centrifugalized to drive down the corpuscles and. is then stored in the ice incubator. It is not necessary to pipette off the supernatant plasma and to transfer it to other tubes free from corpuscles.
(2) Ringer's Solution.-The following is the formula of the solution' employed by Carrel: Distilled water, 1,000 c.c.; sodium chloride, 9 grm.; calcium chloride, O25 grm.; potassium chloride, 042 grm. It might be advisable to add sodium bicarbonate, O'3 grm., since tissues while growing produce acid products (Rous, 1913) .
(b) Tissue Extract. -Carrel (1913) has shown that tissues grow much more rapidly and profusely if certain extracts are added to the medium. He found that extract of chick embryo, extract of adult spleen, and Rous sarcoma extract, were most active in stimulating the growth of the connective tissue of an embryonic chick heart. Tissue extracts, of which, in my opinion embryonic chick extract is the best for allround purposes, are prepared as follows: The embryonic chick (about eight days old) is removed from the egg with aseptic precautions and placed in a sterile watch-glass in a sterile Petri dish. Three to five drops of sterile Ringer's solution are added, and the embryo is then easily clipped up into an emulsion by means of a fine pair of sterile scissors (curved blades). The emulsion is transferred by a Wright's pipette with teat to a sterile tube, centrifugalized, and kept indefinitely in'the ice incubator. The clear supernatant fluid is the extract used. Extracts of other tissues are made in a similar manner. Thomson: Cultivation of Tissues in vitro clean laboratory. The room should be as -free from dust as possible. The table is scrubbed with dilute lysol and the necessary apparatus placed upon it. The following apparatus is required: Petri dishes, some of these containing a watch-glass; closed vessels, of glass or metal, containing cataract knives, forceps and scissors with straight and curved blades; also a few all-metal needles (all the instruments should be as fine as possible) ; closed vessels (preferably large Petri dishes) containing cover-slips and special glass slides; a sloping rack on which are placed plugged test-tubes containing Wright's pipettes, one of which should be paraffined; a vessel containing rubber teats, a bottle of vaseline and a fine glass rod; a large test-tube of Ringer's solution; a vessel of melted paraffin (52' hardness), a brush, and a Bunsen burner, complete the outfit. All the apparatus should be sterilized and dry. I find a dry sterilizer most useful. The rubber teats should be boiled. The coverslips necessary for this work should be 50 mm. long by 22 mm. broad. I prefer No. 1 slips, so that a high microscopic magnification may be used if necessary. The glass slides required measure about 3 in. long by 1 in. broad, and W in. in thickness. They contain a hollow depression in the centre about 18 mm. in diameter and about 2 mm. deep. In other words, these slides are similar to those used for Widal work, but are thicker, so as to obtain a deeper hollow. In addition, it is advisable to have a few ordinary slides made of black glass. When all is ready the sterile Wright's pipettes should be fitted with sterile teats and replaced in the sterile test-tubes on the sloping rack. The paraffined pipette should be used for holding the fowl plasma. Other pipettes should contain Ringer's solution, and extract of chick embryo, and any other solution which may be desired for modifying the medium. Take a black glass slide and cover it with the lid of a Petri dish. Place on this a sterile cover-slip. A drop of fowl plasma is transferred to this coverslip, and then the small portion of tissue, 1 mm. square or less, is transferred on the point of a needle or cataract knife into the plasma on the cover-slip. (The tissue is kept in Ringer's solution contained in the hollow slide before being cut to the required size and transferred to the medium.) A drop of chick embryo extract is then added to the drop of plasma and mixed and spread out with the point of the cataract knife. The addition of this extract causes the plasma to clot quickly and also improves the medium. When the plasma is clotted, take a glass slide and place a spot of vaseline on each side of the hollow depression, invert this over the cover-slip, which sticks by means of the vaseline. We now have the tissue in a sterile hanging-drop medium. The cover-slip is hermetically sealed to the slide by painting melted paraffin around the margin of the former. Fig. 1 , Plate I, illustrates the process just described. A black glass slide is used as a background for the cover-slip so that the small piece of whitish tissue can be seen more easily. One need not hurry unduly in the above technique, since the tissue in Ringer's solution can survive a considerable exposure to room temperature. and still grow successfully. The influence of temperature and fluid medium on the survival of embryonic tissues in vitro has been investigated by Lambert (1913) .
(c) Transplantation or Subculture of Tissues. -Carrel has subcultured tissue with great success. In his laboratory. the samue tissue has been subcultured for one and half years, having during that time undergone over 130 passages into fresh media. He recommends subculturing every two or three days for embryonic chick tissue. The tissues of adult mammals, including man (Thomson, D., and Thomson, J. G., 1914) , however, grow much more slowly than embryonic chick tissue, so that in the case of the former it would be sufficient to subculture every eight to ten days. Carrel subcultures as follows: Remove the cover-slip from the culture preparation and cut out the piece of growing tissue from the medium and transfer it to sterile Ringer's solution in the hollowed-out slide. It is allowed to soak in this solution for about thirty seconds, and if it has markedly increased in size it should be divided before transferring it into the new mnedium. After the tissue has grown extensively, a yellowish necrotic area sometimes develops in the centre; this necrotic area should be removed before transplanting into the fresh medium. The total number of culture preparations made in this research was 200. In very young chick embryos about four to eight days old, it is rather difficult to isolate different species of tissue, and at this early age the cells seem to be nearly always round cells. Fig. 2 shows a portion of embryonic chick tissue composed of round cells in which little growth has occurred. In the solid jelly-like medium, however,. the growth which occurs is always of a branching nature, in which the new cells appear to be entirely different from the original cells. Thus cells which were originally small and round show an outgrowth of 26 D. Thomson: Cutltivation of Tissues in vitro EXPLANATION OF PLATE S.
All the photographs were taken while the tissue was alive, except in figs. 13, 26, 27, 28, and 32 , which were taken from stained permanent preparations.
-Illustrates the method of making a culture preparation. A, cataract knife used for cutting the tissue. D, Wright's pipette used for transferring culture medium to the cover-slip-lying upon the black glass slide, B. Note the small piece of tissue (white) lying in the culture medium. C, thick glass slide with hollow depression, with two drops of vaseline on either side.
The vaseline causes the cover-slip to adhere to the slide in the position required, and melted paraffin is then painted around the margin to hermetically seal the preparation. ( (D. Thomson, photo.) 28 D. Thomson: Cultivation of Tissues in vitro large, elongated, branching cells filled with highly refractile granules (figs. 3, 4, 5 and 6).. It may be maintained by some that these new cells are merely cells which have emigrated from the original tissue, but this is not the case. Carrel has proved beyond all doubt that this is real growth, since the same piece of tissue cultivated in this manner has grown for eighteen months and during that time has been divided and subdivided more than one hundred times (Ebeling, 1913) . On one occasion the tissue augmented more than fifty times in six days (Carrel, 1913) . No one who has actually watched the behaviour of tissue in culture can ever question the fact that true proliferation is occurring. The most puzzling phenomenon to my mind is the constant tendency of the growing cells to elongate and throw out processes. This tendency occurs not only with connective tissue but also in the case of epithelium. Figs. 3 and 6 show the production of elongated branching cells from a mass composed apparently of round cells only. Figs. 7, 8, 9, and 10, Plate II, represent successive stages in the growth of a piece of epithelium from the leg of an embryonic chick, and again the new growing cells show a distinct tendency to elongate. Fig. 11 shows what appears to me to be an outgrowth of epithelial cells from the kidney of an adult rabbit. In the accompanying paper (Thomson, D., and Thomson, J. G., 1914) it has been shown,' however, that in the case of human tumourtissue and normnal human tissue the growth in vitro in plasmatic medium varies according to the nature of the tissue. The connective tissue branches very markedly, whereas the epithelium grows in 'the form of buds or in a solid advancing line, nevertheless the cells of the new growth of epithelium tend to be elongate and throughout long processes, whereas the original cells from which they have sprung are round with few or no processes. Fig. 12 shows a more or less compact. extension of epithelial cells from a portion of chick embryo tissue, which again shows the tendency to elongation, especially at the growing margin. Lambert and Hanes (1913) have shown that some growing tissue cells show different appearances due to the various different mechanical factors of the medium, and it appears to me that this remarkable difference between the original cells and the new cells which arise from these is due to a difference in the osmotic tension of their new surroundings. I have endeavoured therefore to vary the medium in order to see if different forms of cell proliferation could be produced in this way. Varying amounts of Ringer's solution and even distilled water The Royal Society oj Medicine were added to the plasma basis, but so long as the medium clotted to form a solid jelly-like mass the new cells continued to show the tendency to elongate, as shown in figs. 13 and 14, Plate III. I then tried various fluid media, composed of (a) white of the egg from which the embryo was removed, plus extract of embryo; (b) ascitic fluid plus extract of embryo; (c) extract of embryo alone. In all cases where a fluid medium was employed, on inverting the cover-slip over the hollow in the slide the fluid ran towards the margin of the hollow, leaving an air-bubble in the centre, and the best growth or apparent growth always occurred in the thin layer of fluid medium which remained on the cover-slip in contact with the air of the bubble, while, on the other hand, no growth occurred from the tissue immersed in the ring of fluid medium around the air-bubble. Figs. 15 and 16 show this very clearly. Fig. 16 shows the remarkable extension or apparent growth which took place in the air-bubble from the original portions of tissue A and B, whereas the portions of tissue C, D and E in the ring of fluid medium around show no growth whatsoever. The fluid medium in this case consisted of fowl plasma one part, egg white one part, Ringer's solution two parts, and embryo extract one part. The solid advancing extension consisted entirely of round cells exactly like the cells of the implanted tissue. Fig. 17 shows a similar extension of round cells (higher magnification) in the air-bubble in a fluid medium composed of egg white one part plus embryo extract one part. In the fluid medium composed of ascitic fluid one part plus extract of embryo one part, and extract of embryo alone, a very slight extension of round cells occurred, with a slight' tendency to branching in places where the medium had dried. Again, fig. 18 shows a solid extension of round cells (A) from the darker original portion of tissue, and beyond the margin of the round-cell extension the cells have commenced to branch (B). In this case the medium consisted of chick serum one-part, chick plasma one part, plus extract of embryo one part. The tissue was lying in a thin layer of semi-fluid medium in the air-bubble. The medium separated into two layers-an inspissated solid layer next the glass of the cover-slip and a deeper fluid layer. The round-cell extension seen in the photograph occurred in the fluid layer, whereas the branching cells seen out of focus occurred in the solid layer. I have attempted therefore to prove-that the cause of the branching phenomenon is the semi-solid or jelly consistence of the plasma medium, and that where the medium remains fluid the cells retain their original round shape. I will criticize these experiments, I wish now to call attention to the photographs on Plate IV, since these have some bearing on this subject. I attempted to grow portions of the embryonic chick en bloc, so to speak, in the jelly-like plasma medium. Fig. 19 shows a photomicrograph of the toe of an embryonic chick, nine days old, newly placed in a medium composed of fowl plasma one part, extract of embryo two parts. . Fig. 20 is a photomicrograph of the same after eight days' incubation. Fig. 21 shows the tailend of a chick embryo three days old (medium, fowl plasma one part, extract one part). Fig. 22 shows the same after forty-eight hours' incubation. Fig. 23 shows a complete embryo, two days old (mediulm, fowl plasma one part, extract one part). The heart in this embryo kept beating actively in the medium, and after two days the embryo was removed, washed, and placed in fresh medium. The heart continued to beat actively, and on the fourth day it was again placed in fresh medium; during this process, however, the embryo, which was very friable, broke into two portions and was discarded. Fig. 24 is a photomicrograph taken on the fourth day of incubation. The second series of photographs shows in all three cases a distinct total increase in size over the corresponding three cases of the first series (the magnification in the respective pairs is identical). From these experiments it would appear that a total somatic growth had been obtained in vitro, and it is very important to note that in these cases no outgrowth of branchi'ng cells took place as occurs when small pieces of the tissue are cut away. It would appear, therefore, that a branching outgrowth will not occur in these cases due either to some somatic control or to some intact basement membrane.' If, however, the continuity of the mass of tissue is injured by a cut or an abrasion then a growth of branching cell would quickly occur at the injured or abraded part. Thus, if an entire embryo be cut in two and placed in the medium, branching growth will only occur from the cut surface, and none will take place from the uninjured surface. It is highly probable that this branching growth represents exactly what occurs in a live animal which has received a wound. Plasma is first poured out; this solidifies, and the cells, which are free and exposed, branch into the plasma clot and heal the wound. I It is interesting to note that malignant tumours have no basement membrane, and this is probably the reason why they grow without limit and control. (a) Braion and Spinal Cord Tissue. -The brain tissue of the embryonic chick grows readily in vitro. Branching cells, connective tissue (?) and long fibrils, axis cylinders, are produced. On one occasion a kind of plexus composed of long fibrils with ganglion-like swellings was produced. Excellent work in this subject has been done by Ingebrigtsen (1913) ; see also Harrison (1910) and Burrows (1911) . On one occasion I attempted to cultivate brain tissue from a full-time human foetus; but no growth was obtained, most likely because the feetus had been dead for about twelve hours before the tissue was obtained.
(b) Nerve-fibre and Ganglion Tissue.-A piece of nerve (both ends cut) from a chick embryo placed in the usual medium showed now apparent extension of the axis cylinders, but there was a copious branching growth from the sheath, evidently connective tissue cells. See alsa Lewis and Lewis (1912) and Marinesco and Minea (1912) .
(c) Muscle Tissue.-I have been unable so far to get a growth of true voluntary muscle-fibre cells. When a young embryonic chick heart is cultivated in the usual medium only branching cells are produced. These new cells are supposed to be connective tissue cells, since, they have no resem-blance to the original muscle cells. The young embryonic heart of the chick is composed of rounded cells. The heart. continues to pulsate in the medium in spite of the fact that it becomes surrounded by a mass of growing branching cells. The cells of the new growth show no tendency to pulsate.
(d) Connective Tissue.-This species of tissue grows very readily in! the form of long branching cells. It is very difficult to get specialized tissues entirely free from the former, so that all tissue growth is apt to be mixed, and it is often difficult to differentiate which are the special cells and which the connective tissue in the new proliferation. In some cases, however, the difference is quite distinct. I have noticed this. difference most markedly in a piece of human cancer tissue cultivated in a medium composed of fowl plasma plus embryonic chick extract. In this case the connective tissue was the first to proliferate in the form of very long branching cells; later, the epithelial cancer cells grew out in buds or in the form of a solid advancing extension (Thomson, D.> and Thomson, J. G., 1914) . A considerable amount of work has been PLATE IV. Carrel (1913 ), Ebeling (1913 , Pozzi (1912) , and Lambert (1912-13) .
(e) Skin 8, 9, and 10 represent successive stages in the growth of a shaving of epithelium from the leg of an embryonic chick. The new cells show a definite tendency to elongate. I have attempted, without success, on one occasion to obtain growth from epithellial cells scraped from the human skin.
(f) Growth from Embryonic Chick Feathers.-If a young embryonic chick feather is cut and placed in the usual medium a definite cellular proliferation occurs at the cut end, composed of round and branching cells. The cut end becomes rounded and bulbous, and branching cells extend for some distance into the medium (figs. 29 to 32). If the feather be a black one, blackish branching cells, containing a varying amount of pigment, grow out from the cut end ( fig. 32 ).
(g) Liver.-On two occasions I have attempted to cultivate the liver tissue of embryonic chicks about twelve days hatched, and each time an outgrowth of elongated cells occurred. Whether or not these were liver cells I am unable to state. They looked more like connective tissue cells.
(h) Kidney.- Fig. 11 shows an outgrowth of elongated cells from a portion of adult rabbit kidney in a medium composed of fowl plasma one part, plus extract of kidney one part, plus extract of chick embryo one part. The new cells in this case, though elongated, do not resemble the usual appearance of connective tissue proliferation, and I am inclined to look upon them as epithelial kidney cells. See also the works of Walton (1914) on this subject.
(i) Bone.-On the few occasions in which I have planted this tissue from the embryonic chick, in the usual medium, a proliferation of long branching cells, accompanied with considerable numbers of large rounded or oblong cells, was produced. The latter cells contained numerous large refractile granules.
(j) Bone-marrow. -The growth in vitro of this tissue is very interesting. It differs markedly from all other growths except that of the spleen. The tissue was obtained from the long bones of the leg of embryonic chicks from twelve to nineteen days hatched, and also from the long bones of hatched chicks,fourteen days old. The growths in all cases resembled each other, more or less. The 'growth is not cells of varying shape ( fig. 25 ). About the third day of incubation, however, long radiating lines of cells appear, which are probably true connective tissue cells. Leucocytes, chiefly of the polymorphonuclear type, are produced, and also red cells in abundance. Foot (1912-13) has studied the cultivation of this tissue very carefully, but, strange to say, he did not find any production of red cells.
(k) Spleen.-The proliferation of this tissue resembles that of bonemarrow very markedly. I have, however, cultivated only the spleen tissue of the embryonic chick, so that I am not in a position to state that the same type of growth occurs in the case of adult spleen tissue. Walton (1914) obtained a similar growth from adult rabbit spleen. Fig. 27 is a photomicrograph representing a twenty-four hours' growth in vitro, and fig. 28 shows a higher magnification of the same after three days' incubation. The latter shows polymorphonuclear leucocytes, and other large mononucleated cells. The growth of this tissue has been studied very carefully by watching it continuously under the microscope, the preparation being kept at the necessary temperature by means of a warm stage, or by having the microscope in a special warm chamber. I am convinced that the extension of cells is not of the nature of a migration from the original piece of tissue, since I have seen the new cells themselves subdividing into several other cells. The first cells to grow out from the original tissue are apparently leucocyteproducing cells. Later, about the second or third day, there is a new proliferation of cells, which produce red corpuscles; large numbers of the latter are produced during the days following. On the third day long radiating lines of connective tissue cells appear, as in the case of the bone-marrow. It seems to me that there is little doubt that the embryonic spleen at least produces nearly all the elemnents of which blood is composed. Red marrow does not appear in the bones of the developing chick until about the twelfth day of hatching, so possibly the spleen is largely. responsible for the blood produced some time before the marrow has developed. The red corpuscles are produced from large actively amoeboid cells, and when nearly fully developed they are discharged from these cells. At first the developing corpuscles are round, with large nucleus and bluish staining protoplasm, but gradually they become oval, while the nucleus becomes smaller and more compact, and a gradual transition from bluish to red occurs in the staining of the protoplasm around the nucleus. I hope, however, to give another paper devoted to this interesting process after a further study of the subject. I wish to say something on the effect of various tissue extracts when added to the medium. Carrel has shown that certain extracts when added to the medium increase the rate of growth in the tissue as much as tenfold and more. He believed that the effect of extract is specific, but this is not quite correct, as I have found that the extract of the tissue of one animal will help the growth of the tissue of an animal of quite a different species to the first. In fact, I obtained better growth from human cancer tissue in a medium composed of fowl plasma plus chick einbryo extract, than in a medium containing fowl plasma plus extract of the cancer tissue itself. On the other hand, it would appear that certain extracts inhibit the growth of certain tissues. Thus, I failed to get any gXowth in chick embryo tissue in a fowl plasma medium containing extract of a human papillomatous tumour of the ovary. Again, no growth was obtained in fowl plasma to which extract of Rous sarcoma was added ( fig. 1 ). In the accompanying paper (Thomson, D., and Thomson, J. G., 1914) it is pointed out that the stars of crystals resembling tyrosine crystals developed in the media to which extract of the papillomatous tumour of the human ovary was added. Similar crystals occasionally develop in media containing extract of chick embryo, so that it possibly represents the presence of a certain chemical substance in these extracts. Fowl plasma clots after being kept for some time at room temperature or in the incubator at -blood heat. If extract of chick embryo is added to it, it clots very much more rapidly (one minute or less). Extracts of the tissues of other animals (mammals) do not appear to cause this rapid clotting effect in fowl plasma.
(V) SUMMARY AND CONCLUSIONS.
(1) The tissue of various animals, including mammals and man, can be cultivated in vitro in a medium composed of fowl plasma one part, plus extract of chicken embryo one part.
(2) It would appear that all proliferating cells tend to elongate and throw out processes in a solid plasma medium, whereas in a fluid medium they retain their original shape and appearance. The cells of different tissues, however, retain certain distinguishing characteristics in the plasma medium, so that these cells evidently have some inherent The Royal Society qf Medicine points of difference from each other which remain with them regardless of the medium or environment.
(3) Complete uninjured portions of chick embryonic tissue grow to some extent in vitro under somatic control.
(4) The chick spleen in embryonic life at least is capable of producing red corpuscles as well as various forms of leucocytes.
(5) The extract of one species of animal tissue appears in certain cases to stimulate the growth of tissue from an animal of different species, whereas in other cases the converse seems to hold good.
(6) Extracts of certain tissues deposit stars of crystals resembling tyrosine when kept in the incubator for a period of two weeks and upwards.
ADDENDUM.
By permission of the President, at the conclusion of the foregoing report, Dr. H. D. MCCULLOCH, demonstrated, by means of the kinematograph, cytogenesis and histogenesis in embryo chick's heart tissue and spleen tissue, including their accessory free cells, in vitro. Dr.
McCulloch said:
Last winter I suggested to Dr. David Thomson the importance of using the kinematograph in connexion with cytological research. On seeing the announcement of the reading of the extremely interesting report by Dr. J. G. Thomson, to which you have just listened, I thought this might be a good opportunity for again urging my plea before the Society. Having obtained the series of films from Dr. J. Comandon, of the Pasteur Institute, I decided to make an attempt to interpret some of the less conspicuous phenomena that are to be observed, and to indicate the direction in which further cytological research might with advantage be pursued. With your permission, and that of the author, I will proceed to do so. These tissues were photographed when several days old, after cultivation upon coagulated plasma by Harrison and Burrows's method, the same as is employed by Carrel. The first series shows a fragment of the embryo chick's heart, in which energy is seen being expended by a continuance of the characteristic rhythmic contractions of that organ. How far do these contractions conduce to hypertrophy or growth of the muscle cells, and how far is the growth vegetative and embryonal ? Again, there would be some relationship, with a greater difference, between this growth in vitro and that observed in cells stimulated to activity by extrinsic chemical agencies that evoke protoplasmic irritability, and that which follows upon the influence on cells by the periodic hormonic secretions. There is also the field of radio-biological research, in which Mottram and Beckton have shown that the effect of radio-active agencies on nuclear activity is much more marked during mitosis than during the resting or vegetative periods of the cell.
The second series of films show a fragment of splenic tissue of the embryo chick, with its rudimentary Malpighian bodies and the cells which are presumably the progenitors of the blood cells encircling the fragment, in various stages of immaturity, and from which they appear to have emigrated within a certain radius of its centre. The majority of these cells are seen to be actively rotating and moving under some central influence, in the artificial, conditions for which some allowance should be made. The two or three large germinal cells, like giant cells, might be detached Malpighian bodies moving to take up new situations in relation to the surrounding proliferation. The few mature leucocytes to be seen attract attention by their characteristic amoebism, and by the more active contortions when on the point of undergoing mitosis. The well-known nuclear phases of this process are, however, less clearly seen than when they are displayed in the metamorphosis of the newt's leucocyte or mononucleated white cell, into the far more inert nucleated red cell, during the erythrocytosis that follows upon high feeding.
In the next series, under still higher magnification of the cardiac tissue, marginal growth of the connective tissue stroma cells is seen to be proceeding. These cells appear as fixed radiating fusiform prolongations. In their cytoplasm small spherical granules are seen to stream to and fro in the direction of growth. The nuclei of these cells are obscured. Doubtless the absence of a capsule or limiting membrane influences the rate of peripheral proliferation.
In concluding these brief observations, seeing that the phenomenon of tactism in the impregnation of the ovum by spermatozoa has now been frequently demonstrated by this method, as well as that of the physiological mechanism of phagocytosis, the time seems opportune for inquiring into the origin and life-history of the leucocyte, the actual occurrence of diapedesis and its true significance. I refer to suggestions that I have ventured to make elsewhere-(1) that leucocytes are not essentially blood cells as generally accepted; (2) that polymorphism of
